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Abstract 
The principle underlying the capacity analysis of road segments is that speed decrease as flow increase. The speed decrease with
unit flow increase is small at low flows but becomes greater as flows get higher. Near capacity, a small increase in flows results
in a large decrease in speed. According to the 1997 Indonesian Highway Capacity, this relationship has been quantitatively 
defined for a “standard” case, for each type of road. Each standard case has standard geometric and environmental characteristics 
specified. If the characteristics of the road are “better” than the standard case (e.g.: wider than normal carriageway width) the
capacity is higher, with higher speeds at a given flow. If the characteristics are “worse” than the standard (e.g. high side friction) 
the capacity is less and speed at a given flow is lower. 
Surveys have been carried out at congested urban roads (with high side friction) in the city of Yogyakarta during peak hours, to
analyze the effects of the characteristics of urban roads, specially the side friction, in reducing the capacity and speed. It is than 
compared the results to the capacity and speed predicted by Indonesian HCM. It is also compared the actual speed-flow 
relationship and that predicted by Indonesian HCM.  It is found that the capacity and speed predicted by Indonesian HCM are too
high. The effects of side frictions, e.g.: on street parking, city bus stopping anywhere on the roadway (there is no specific bus
stop for city bus), exit/entry vehicles and U-turn vehicles  are higher than those predicted by Indonesian HCM. 
It is concluded that, when the side friction is too high, there is a significant different between the actual speed/capacity and that 
predicted by Indonesian HCM. A new formula has been recommended to improve the Indonesian HCM in calculating the speed 
and capacity for urban roads with high side friction. However, there is still a need in doing further research to find whether the 
results of this research only an exception of the IHCM formula or there is a need to improve IHCM.
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The analysis and modeling for road links focused primarily on establishing speed –flow relationships for different 
road types and to study the influence on these relationships of geometric, traffic and environmental condition. Road 
side environment and activities (“side frictions”) have an important role in reducing the speed in urban areas.   
Many activities at the road side can reduce speed significantly. The effects of these conflicts are given extra 
attention in Indonesian Highway Capacity Manual (1997), in comparison to those given in Western manual. This 
Indonesian HCM was based on the most comprehensive study, which was carried out as an Indonesian Highway 
Capacity Manual Project and reported by Bang et al. (1995) under the consultancy of Swedish National Road 
Consulting AB, SweRoad. It identified significant effects of geometric factors (i.e. carriageway width, shoulder 
width, median), traffic and environmental factors (directional split, city size) and side friction factors (i.e. 
pedestrians, non-motorized vehicles, public transport vehicles) on speed-flow relationships on Indonesian 
urban/suburban road links. A number of methods for speed modeling were developed  (Marler et al., 1994). 
According to the 1997 Indonesian Highway Capacity Manual, four frictional items were judged, on the basis of 
the correlation analysis, to the generally important at most sites. They were: 
- Pedestrian movements (pedestrian/hour per 200 meters) 
- Parking and stopping cars, mini-buses etc. on the roadway (vehicle/hour per 200 meters). There is no 
specific bus stop along the street. Therefore, the bus can stop anywhere. 
- Exit/entry vehicles (vehicle/hour per 200 meters) 
- Unmotorized vehicles (vehicle per hour) 
To determine the side friction value, calculation method, which is shown in Table 1 below, has been employed. 
Table 1. Calculation of the side friction value
No. Type of side friction Unit value Frequency/hour Side friction value 
1. 
2. 
3. 
4. 
Pedestrian movements 
Parking and stopping cars/buses 
Exit/entry vehicles 
Unmotorized vehicles 
0.5 
1.0 
0.7 
0.4 
Pedestrian per 200 meters 
Vehicle per 200 meters 
Vehicle per 200 meters 
Vehicle 
Unit value x 
frequency 
The correlation of side friction values to the side friction classes, corresponding to the very low, low, medium, 
high and very high categories are shown in Table 2. 
Table 2. Side friction class according to side friction value
No. Side friction class Side friction value 
1. 
2. 
3. 
4. 
5. 
Very low 
Low
Medium 
High 
Very high 
<100 
100 – 299 
300 – 499 
500 – 899 
>900 
This side friction class will be used to determine the speed and capacity reductions, i.e. by using these formulas: 
a. For free flow speed 
FV = (FV0 +  FVW) x FFVSF x FFVCS     (1) 
  with 
FV  = free flow speed (km/hour) 
FV0 = basic free flow speed (km/hour) 
FVW   = road width factor (km/hour0 
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FFVSF  = side friction factor  
FFVCS = city size factor 
b. For capacity 
C = C0 x FCW x FCSF x FCCS      (2) 
with
C  = capacity (pcu/hour) 
C0 = basic capacity (pcu/hour) 
FCW = road width factor 
FCSF = side friction factor 
FCCS = city size factor 
However, there are still some problems for urban roads with high side frictions, i.e. sharply speed and capacity 
reductions which do not meet with the Indonesian HCM calculation. The speed is usually lower than that predicted 
by 1997 Indonesian Highway Capacity Manual. The purpose of this research is, therefore, to analyze the speed 
reduction for urban roads with high side frictions. 
2. Methodology and analysis   
Two urban roads with high friction factors were selected in the city of Yogyakarta, i.e. Gejayan Street (in front of 
Demangan traditional market) and Kaliurang street (between MM and ring road junctions). Gejayan Street has high 
side friction during morning peak hour because of the traditional market, and Kaliurang street has high side friction 
during evening peak hour because of the street vendors and many exit/entry vehicles (see figures 1 and 2). Gejayan 
Street is a four lane two-way road with median (divider in the middle) and 2,50 meter shoulder for each side and 
Kaliurang Street is a four lane two-way road without median (undivided) and 2,00 meter shoulder for each side. 
Figure 1. Gejayan street 
Surveys were carried out to collect the data, i.e. traffic flows, vehicle speed, pedestrian walking, pedestrian 
crossing, stopping small city buses and exit/entry vehicles during morning peak hours at Gejayan Street and during 
evening peak hour at Kaliurang  street. Road capacities have been calculated according to 1997 Indonesian HCM. 

An example of the correlation of actual speed and side friction values according to 1997 IHCM compared to the 
actual speed at Gejayan Street (from North to South) is shown in Figure 3 (for low side friction values) and Figure 4 
(for high side friction values). It is shown that there is no significant correlation between the friction value and the 
speed, when the side friction is low. In this case, the speed depends mainly on the traffic flow. However, when the 
side friction values are high, there is a significant correlation between the friction value and the speed.  

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Figure 2. Kaliurang street 
Figure 3. Side friction value vs speed (side friction value < 300) at Gejayan street (from North to South) 
It is also observed that although there are so many side frictions in site, but by using the Indonesian Highway 
Capacity Manual formula (using tables 1 and 2), it is found that the side friction is still medium or high. It is rarely 
found that the side friction is very high. 
The predicted speed according to the Indonesian Highway Capacity Manual (1997) is significantly different to 
the actual speed, when the side friction value is high or medium. An example of that is shown Table 3 below for 
Kaliurang Street during evening peak hour, when the side friction is high. 

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Figure 4. Side friction value vs speed (side friction value > 300) at Gejayan street (from North to South) 
Table 3. Correlation between predicted and actual speed at Kaliurang Street 
(evening peak, side friction high)
Predicted speed (km/h) Actual speed (km/h) 
40.5 
40.5 
40.5 
40.5 
40.5 
40.5 
40.5 
40.5 
32.2 
32.0 
31.5 
30.7 
29.7 
28.7 
29.3 
28.1 
The friction class category, which has been employed by Indonesian HCM, does not take into account the speed 
sensitivity reduction because of the side friction. 
It has been analyzed, therefore, to use the multi regression formula to predict the speed. The first proposed 
formula is as follows: 
Y = a1 x1 + a2x2 + a3x3 + a4x4 + a5x5 + a6x6 + a7x7 + a8x8 + a9x9 + a10x10 + k  (3) 
With 
Y    = speed (km/hour) 
x1   = number of unmotorized vehicles (veh/hour) 
x2   = number of stopping city buses (veh/200 m/hour) 
x3   = pedestrian movement (pedestrian/200 m/hour) 
x4   = number of parking/stopping passenger car (veh/200 m/hour) 
x5   = number of entry vehicles into the street (veh/200m/hour) 
x6   = number of exit vehicles from the street (veh/200m/hour) 
x7   = number of passenger cars per hour (veh/hour) 
x8   = number of heavy vehicles per hour (veh/hour) 
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x9   = number of motorcycles per hour (veh/hour) 
x10   = number of total vehicles per hour (veh/hour)  
a1, a2, a3, …….a10 = coefficient factor 
k    = constant factor 
For Kaliurang street, by using trial and error method, it is found that the best formula is as follows: 
Y = - 0.132 x2 - 0.126 x3 - 0.280 x4 - 0.126 x5 - 0.153 x8 + 39.458   (4) 
It is also found that parking/stopping vehicles is the most influence factor in reducing the speed. Parking/stopping 
vehicles could be taken into account as a factor in reducing capacity (lane width reduction) not as a side friction 
factor. The impact of parking vehicles is very high in reducing speed and capacity. The second factor is stopping 
city buses. The city buses can stop anywhere and their stopping behavior was considered to be of special importance 
to the operation of urban road. However, there is a new policy of the government to enforce city buses to stop only 
at the bus stop. If it is succeeded, this factor can be omitted as a friction factor.   
3. Conclusions 
It is concluded: 
a. When the side friction is high, there is a significant different between the speed predicted by Indonesian 
Highway Capacity Manual and the actual speed. 
b. With the high side friction, there is a high sensitivity in speed reduction. The Indonesian HCM does not 
accommodate this sensitivity. A multi regression formula has been recommended to be used. 
c. Parking/stopping vehicle is the most important factor in reducing the speed. There is no clear statement in 
the IHCM whether parking/stopping vehicle should be considered as a side friction factor or lane reduction. 
It is, therefore, suggested that this factor should be taken into account as a factor in reducing capacity (lane 
width reduction).   Only parking/stopping maneuvres could be considered as a side friction factor. 
d. All results regarding to speed and capacity in Indonesian HCM are expected values (mean) obtained from a 
large population of data collection sites. Therefore, there is still a need in doing further research to find 
whether the results of this research only an exception of the IHCM formula or there is a need to improve 
IHCM.  
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